According to Sedcole (3), Leonard's (1) model of
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PHYTOPATHOLOGY [Vol. 68 assumed to remain constant during the growing season, never can be infinitely large it is worth considering this but the frequency of genes for virulence in the pathogen point, because for reasonably large populations forward population may change according to forces of selection. and reverse gene mutation may effectively prevent gene In the next growing season a new host population is frequencies from reaching 1 or 0. Thus, the perpetual initiated from seeds produced in the preceding season. A cycling of gene frequencies may be a characteristic of change in frequencies of resistant and susceptible plants finite as well as infinite populations. may occur depending on the relative numbers and Mathematically defining the behavior of gene viability of seeds produced by each genotype in the frequencies in this model at values other than the previous season. Seed production by resistant and equilibrium frequencies is an extremely complex susceptible host genotypes depends upon the amount of problem. Therefore, Sedcole's (3) use of a numerical disease suffered by each, which in turn is related to the analysis appears to be the best available approach. composition of the pathogen population as well as to the However, Sedcole's numerical analysis is incorrect. Using suitability of the environment for disease increase. The either of two independently developed computer model assumes that the gene frequencies in the pathogen programs for the model (one by H. E. Schaffer, population do not change during the interval between Department of Genetics, North Carolina State University growing seasons, but a factor for differential survival can and one by R. J. Czochor), we find that gene frequencies easily be added to the model. Thus, under the do not spiral outward in the way that Sedcole described. assumptions of the model, changes in genetic We used the same parameters as Sedcole (a= 0.1, c= 0.01, composition of host and pathogen populations occur in a k = 0.3, s = 0.2, and t = 1.0) and started at values of no = series of alternate steps. During the growing season the 0.8626 and p0 = 0.1462 that are within 0.1% of the pathogen population adjusts to the host population as it equilibrium values. We ran the analysis through 200 exists in that season. The new host population in the next iterations and found no detectable outward spiral; the growing season represents an adjustment to the disease track of the third cycle around the equilibrium point was damage caused by the pathogen population of the essentially the same as that of the first. Using these same previous growing season. Over the course of a year each values except that pa = 0.1329 (at equilibrium P = 0.1472), population may change, and the change in each we found that n reached a maximum value of 0.907 in the population may cause a complementary change in the first cycle and oscillated with a period of about 70 other population. Thus, nj+l = g(pj, nj) and pj+i = f(pj, nj+l).
iterations per cycle, but the value of n never exceeded Sedcole (3) determined mathematically that the 0.907 at any time even though the analysis was continued nontrivial equilibrium point in the model at n = (tsthrough 3,000 iterations. Again, the last cycle followed c)/ (ts + as) and I -q 2 = k/ (a + t) is not stable. In addition to the nontrivial equilibrium point, there are also eight trivial equilibrium points at: n = 0, p = 0; n = 1, p = 0; n= 1, p = 1;n=0,p= 1;n=0,1q 2=k/(a+t);n= 1, l-q 2 = 1.0 k/(a + t); n = (ts -c)/(ts + as), p = 0; and n = (ts-c)/(ts + as), p = 1. Using an analysis similar to Sedcole's we have shown that each of these trivial equilibrium points also is 0.8 unstable. This means that if the gene frequencies are displaced slightly from any of the nine equilibrium points, they will not return to that equilibrium point. What exactly they will do is beyond the scope of the analysis 0,6-used by Sedcole, because that analysis applies only to the area in the immediate vicinity of the equilibrium point. P It can be shown mathematically that if host and pathogen populations are of unlimited size, it is 04 impossible for n or p to reach 1 or0 within a finite number of generations unless either n or p is already equal to 1 or 0. In the model, 
